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Abstract 

The flower extracts of Saraca asoca were evaluated in their three different phenological stages of flowering [bud (S1), 
mature (S2) and senescent (S3)] in terms of chemical composition and antioxidant activity. The GC/MS based fingerprinting 
led to identification of 85 metabolites, including 9 amino acids, 20 organic acids, 7 fatty acids, 20 sugar and sugar acids, 8 
sugar alcohols, 13 phenols and phenolic acids and 8 others compounds. The three flowering stages showed prominent 
changes in their metabolite profile during the process of maturation of the flowering stages from bud to mature to senescence 
stages determined via GC/MS based metabolomics and chemometric approaches. The amounts and composition of 
metabolites in each stage showed statistically significant differences, which were reflected in their antioxidant capacities. 
The three phenological stages showed antioxidant activities in a dose dependent manner, but the senescent stage showed 
highest superoxide radical scavenging activity (IC50 = 65.17 ± 2.647 mg/ml) and metal chelating effect (6.65 ± 0.331 mg/ml) 
in agreement with their high content of phenolic acids. These differences were strongly reproduced in the chemometric 
analyses (PCA, PLS-DA and s-PLS-DA), identifying the most distinctive features of the three flowering stages. This study 
might be beneficial to select the most potent flowering stage for incorporation in functional food.  
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1. Introduction 

Since time immemorial, plant products or their 
derivatives and other natural resources are beneficial for 
the treatment of various illnesses. Mainly fruits and 
vegetables provide most of the phytonutrients in human 
diet. But flowers can also become an important source of 
bioactive components and can be added in human diet. 
Earlier flowers were mainly eaten for their therapeutic 
properties rather than their nutritional features. In the 
present time, several metabolomics studies revealed the 
presence of important bioactive molecules by metabolite 
profiling of wild and ornamental flowers. Wild flowers can 
also be an important source of low cost natural 
antioxidants, and many edible flowers are used as food 
additives to enhance color, flavor, taste and fragrance to 
food and drinks (Kelley et al., 2001; Pires et al., 2018) 

Saraca asoca (Roxb.) de Wilde, known as Ashoka in 
West Bengal, India, belongs to the family Caesalpiniaceae 
and is a small evergreen tree. The plant is one of the most 
ancient plants known, mentioned in old Indian Ayurvedic 
manuscripts and is geographically distributed mainly in 
Asia and some parts of North America (Murthy et al., 
2008). The medicinal properties of this plant are beneficial 
in several gynecological complications (Panchawat and 
Sisodia 2010). In India, married women are known to 

consume Ashoka flower buds as a ritual to protect their 
children and for several gynecological problems (Pradhan 
et al., 2009). 

All parts of this plant especially barks, leaves, flowers 
and seeds are considered useful with high medicinal 
impact (Shukla et al., 2008). The flowers are 
therapeutically important part as these are used in the 
treatment of cancer, diabetes, hemorrhagic dysentery, 
several uterine disorders like menorrhagia, and also used 
in bleeding piles, bacillary dysentery, etc. During a 
Bengali Hindu ceremonial known as ‘Ashoka – sasthi’ the 
flower buds are taken orally by women. Only a few reports 
on phytochemical constituents of leaves and flowers of the 
plant have been published earlier (Pradhan et al., 2010) but 
no detailed qualitative and quantitative phytochemical 
analyses are found for flowers. 

The flowers of Saraca asoca are the important part of 
many Ashoka rich herbal formulations. So far, it has been 
reported to contain tannins, flavonoids, saracasin, 
saracadin, waxy substances, carbohydrates, proteins and 
steroids (Saha et al., 2013). The presence of many fatty 
acids like oleic acid, palmitic acid, stearic acid, linoleic 
acid and linolenic acids, glucosides like quercetin-3-O-p-
D-glucoside, apigenin-7-O-p-D-glucoside, pelargonidin-
3,5-diglucoside and cyanidine-3,5-diglucoside, steroids 
such as p- and γ-sitosterols, flavonoids such as quercetin, 
leucocyanidin and polyphenols such as gallic acid and 
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ellagic acid have been reported also (Pradhan et al., 2009; 
Saha et al., 2013; Gupta et al., 2014). 

Due to normal physiological processes and various 
xenobiotic factors by the process of membrane lipid and 
many other biomolecular peroxidations, Reactive Oxygen 
Species (ROS) like superoxide anion, hydroxyl radicals 
and hydrogen peroxide are generated. These ROS are 
associated in the etiology of several high risk ailments like 
cardiovascular disorders, coronary artery disease, stroke, 
rheumatoid arthritis, diabetes, hypertension and several 
types of carcinogenicity (Lefer and Granger 2000; Zahin et 
al., 2009). Free radicals prompt oxidative damages to 
biomolecules. Antioxidants and free radical scavengers 
from natural sources exert a significant role in protecting 
humans from several contagious infections, stress related 
pathologies and degenerative disorders (Feugang et al., 
2006; Saha et al., 2018). The adverse effects of synthetic 
antioxidants like BHA (Butylated hydroxyl anisole) and 
BHT (Butylated hydroxyl toluene) used as synthetic 
additives in food stuff have already been experienced by 
modern humans that these synthetic antioxidants induce 
immense toxicity, carcinogenicity and causes DNA 
damage and other aberrations (Rajkumar et al., 2010). 
Recently, scientists are looking for diet derived 
antioxidants or naturally occurring antioxidants to replace 
all those synthetic antioxidants which are being restricted 
for their adverse impacts. 

The plant metabolomics is an important tool to identify 
and quantify primary and secondary metabolites of natural 
products (Mishra et al., 2015; Pandey et al., 2015; Patel et 
al., 2016). Although plant primary metabolites are 
indispensable to perform life functions, the production of 
plant secondary metabolites are influenced by genotype, 
phenological stages and eco-physiological conditions 
(Marrelli et al., 2012). The phenological stage is 
considered as the most important determining factor of the 
quality and quantity of metabolites from dietary, 
nutritional and pharmaceutical point of view and thus 
holds immense importance (Marrelli et al., 2012).  

Saraca asoca flowers are a potent reservoir of bioactive 
components, which may vary through the floral 
developmental stages. Studying the metabolite 
composition of this flower developmental stage associated 
with specific metabolism and free radical scavenging 
activity would be of enormous importance. However, to 
the best of our knowledge, so far no such research has 
been done on the metabolite profiling and radical 
scavenging analysis with respect to the different 
phenological / maturation stages of Saraca asoca flowers 
from bud, to mature to senescent stages to find out the 
most potent floral stage to be incorporated as functional 
food. Moreover, the present study may also deliver an 
understanding of the optimisation of the procurement of 
Saraca flowers and the maximization of bioactive 
potentials. 

2. Materials & Methods 

2.1. Plant material 

Saraca asoca flowers were procured from the garden of 
Burdwan University Campus, East Burdwan, West Bengal 
(23°25’N, 87°84’E), India, during the season of spring 
time in the month of March, 2018, with an average day 

temperature ranges between 27° C. to 30° C. for the three 
different developmental / phenological stages [bud stage: 
flowers with closed petal (S1), mature stage: full flowering 
stage, stamens are extruded and the petals are fully 
exposed (S2) and senescent stage : stamens dried and 
shrivelled, just started to develop fruit and flower near to 
senescence, but still attached (S3) with the plant (Figure 
1)]. All the three stages of flowers were collected in ample 
amounts from the same species of plant and at the same 
season and weather pattern. 
After proper taxonomic identification of the plant 
(Voucher No.  Phytopharma 332 1a), the flower samples 
of S1, S2 and S3 stages were shade – dried separately and 
the dried samples were then powdered with an electric 
grinder and sieved to make fine dried homogenous powder 
of three different stages. 
 

 
Figure 1. Flower of Saraca asoca in the S1, S2 and S3 stages 

2.2. Chemicals 

Adonitol, MOX, MSTFA, FAME standards were 
procured from Sigma Aldrich (St. Louis, MO); and 
pyridine from Merck Specialities Private Limited, India. 
DPPH was obtained from Sigma, USA. NBT, ferrozine 
were obtained from SRL PVT. Ltd., India. Methionine, 
riboflavin and EDTA were obtained from HiMedia 
Laboratories Limited. Ferric chloride, ammonium  
molybdate were obtained from Merck Specialities Pvt. 
Ltd. All the other reagents used for sample preparation 
were of analytical grade, and all the solvents used for 
GC/MS were of HPLC grade. 

2.3. Preparation of extracts for the evaluation of 
antioxidant properties 

80% methanolic extracts were prepared from the dried 
samples of S1, S2 and S3 stages. The samples (150 gram) 
were extracted by stirring with 300 ml of 80 % methanol 
in a water bath at 65ºC for 3 hours and subsequently after 
cooling, the filtrate was cold centrifuged at 10,000 rpm for 
20 minutes. The combined 80% methanolic extracts were 
evaporated to dryness under reduced pressure. The crude 
extracts obtained were preserved at -20º C freezer for 
further study.  

The dried crude extracts were re-dissolved in methanol 
(1 mg/ml) for evaluation of antioxidant potentiality. The 
final solutions were further diluted to different 
concentrations to determine the bioactivity for S1, S2 and 
S3 stages of the samples in in vitro assays.  Each 
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experiment was performed thrice. The results were 
expressed in IC50 values (i.e., the concentration at which 
the samples showing 50 % inhibition of free radicals).  

2.4. DPPH radical scavenging activity 

DPPH free radical scavenging activities of S1, S2 and 
S3 extracts were assessed following the method described 
(Braca et al., 2001). 0.1 ml of extract was added to 3 ml of 
DPPH solution (0.004% methanolic solution). After 30 
minutes of incubation at room temperature, the absorbance 
was measured at 517 nm using a UV-VIS 
spectrophotometer. Lower absorbance values indicate 
greater free radical scavenging activity. The percentage 
inhibition activity of scavenging DPPH radical was 
calculated using the formula [(A0 – Ae) / A0] ×100; where 
A0 = absorbance of control reaction and Ae = absorbance 
in presence of extract. All the tests were performed in 
triplicates and the results were averaged. 

2.5. Superoxide radical (O2-) scavenging activity 

Superoxide radical scavenging activity was measured 
following the method of Banerjee and De (Beauchamp and 
Fridovich 1971; Dasgupta and De 2004) in the riboflavin-
light-NBT system. The superoxide anion radicals were 
made in 50 mM sodium phosphate buffer (pH 7.8), 13 mM 
methionine, 2 µM riboflavin, 100 µM EDTA and 75 µM 
NBT solution and 1 ml extract of sample of different 
concentrations is added to the mixture. After 10 minutes of 
illumination from fluorescent lamp, the formation of blue 
formazan was measured by following the increase in 
absorbance at 560 nm. One set of reaction tubes was 
covered with aluminium foil. Similar tubes with reaction 
mixture were kept in the dark and served as blanks. The 
percentage inhibition activity of scavenging superoxide 
radical was calculated with the formula [(A0 ̶ Ae)/ Ae] 
×100. 

2.6. Metal chelating effect (Ferrous ion) 

Fe2+ chelating ability proves the antioxidant capacity of 
plant extract (Wang et al., 2003). The reaction mixture 
containing 100 µl of the plant extract, 200 µl of 0.5 mM 
ferrous chloride, 200 µl of 5 mM ferrozine were incubated 
at 37°C for 10 minutes. After addition of 1.5 ml double 
distilled water to the mixture, the absorbance of the 
solution was taken at 562 nm where the lower absorbance 
indicated the stronger chelating effect. 

2.7.  Total antioxidant capacity (TAC) 

The reaction mixture contained 0.1 ml of sample 
solution and 1 ml of reagent mixtures (prepared by mixing 
phosphate buffer, sulphuric acid and ammonium 
heptamolybdate in a ratio of 4:3:3) (Aguilar et al., 1999). 
The reaction mixture was incubated at 95°C for 90 min., 
then the mixture was cooled to room temperature. The 
absorbance of the solution was measured at 695 nm 
against the blank. The reduction of MoVI to Mov by the 
extract and the formation of green phosphate / Mov 
complex at acidic pH were assayed.  The TAC was 
measured from the regression equation y = 31.54x  ̶  0.001 
as equivalent to ascorbic acid. 

3. Sample preparation for GC/MS analysis 

5 mg of crude extract was dissolved in methanol: water 
in a ratio of 1:1. In it 20 µl of ribitol (Adonitol - Internal 

Standard) (0.2 mg/ ml) was added and the aliquot made 
thereafter was distributed into eppendorff tubes (50 µl × 4) 
and evaporated to dryness. The residue obtained was re-
suspended in 5 µl of MOX (20 mg/ml in pyridine) and 
then shaken for 90 minutes at 30ºC. Then 45 µl of MSTFA 
was added and shaken at 37ºC for 30 minutes for 
trimethylsilylation of acidic protons to enhance the 
volatility of components. 1 µl of FAME markers (a 
mixture of IRI markers) was added (prepared using fatty 
acid methyl esters of C8, C10, C12, C16, C18, C20, C22, 
C24 and C26 linear chain length dissolved in chloroform). 
GC/MS analysis (Agilent 7890 A GC equipped with 5795 
C inert MSD with Triple Axis Detector) was carried out 
following the method of Kind et al., 2009 (Kind et al., 
2009) with some modifications (Das et al., 2016). Prior to 
injection in GC the samples were preserved at 4ºC for 10 
minutes to maintain sedimentation of components. 

3.1. Detection of metabolites by GC/MS 

The detection of metabolites was done using DB-5-MS 
capillary column under the following oven temperature 
programme: oven ramp 60º C (1 minute hold) to 325 ºC 
at10 ºC /min, 10-minute hold before cool down, 37.5 
minute run time. The injection temperature was set at 250º 
C, the MS transferline at 290º C, and the ion source at 230 
ºC. Helium was used as the carrier gas at a constant flow 
rate of 2.5 ml / minute (carrier linear velocity 57.95 
cm/sec). 1 µl of sample was injected manually via the split 
mode (split ratio 1:5) onto the GC column. Before 
analysis, the method was calibrated with the FAME 
standards available on the Fiehn GC/MS Metabolomics 
library (2008) (Agilent Chem Station, Agilent 
Technologies Inc., Wilmington, USA) following user’s 
guide. AMDIS was used to deconvolute GC/MS results to 
identify the chromatographic peaks. Auto-tuning and tune 
evaluation of Mass Detector was done at least once a 
week. 

Identification of metabolites was done by comparing 
the RT, RI of the metabolites and also by comparing the 
MS fragmentation patterns of the mass spectra with the 
entries of compound in Agilent Fiehn GC/MS 
Metabolomics library (2008) using metabolite database – 
AMDIS using Agilent RTL method. RT of some of the 
metabolites were further compared with that of the 
standard compounds. 

3.2. Statistical analysis 

Antioxidant activities were estimated in triplicates.  
The results were expressed as means ± standard deviations. 
All the statistical tests were performed at 5% significance 
level using Microsoft Excel 2013. 

The three selected phenological stages were subjected 
to Multivariate Analysis to determine the differences in 
metabolite composition among S1, S2 and S3 stages. 

To identify the statistical significance difference and to 
compare the dependent variables, the one-way ANOVA 
and a post-hoc test using Tukey’s HSD were done and 
determined by p-values lower than 0.05. Based on the 
generalized logarithm transformed dataset, heat map, 
clustering of samples as well as metabolites were also 
developed utilizing squared Euclidean distance and ward 
linkage.  

The relative response ratios of the metabolites of S1, S2 
and S3 stages were subjected to Metaboanalyst 4.0. PCA, 
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PLS-DA and s-PLS-DA were applied as pattern 
recognition unsupervised classification method. The 
construction of the matrix for PCA included 85 variables 
(corresponding to the responses of metabolites) and 3 
samples (corresponding to the flowering stages). 

4. Results 

4.1. Evaluation of antioxidant potentialities 

In this investigation, the antioxidant activities of the 
studied flowering stages were measured and compared by 
DPPH, superoxide radical scavenging, metal chelation 
activity and TACs. All the flowering stages showed 
antioxidant activities. DPPH (1, 1-diphenyl-2-
picrylhydrazyl) is a widely known stable radical used for 
the assessment of the ability of phenolic substances which 
can donate labile H-atom to the free radicals. In this assay, 
the H-donating antioxidant component reduces the DPPH 
to form non-radical DPPH-H (Shen et al., 2010). DPPH 
free radical scavenging activities of extracts of S1, S2 and 
S3 stages of Saraca asoca flowers were found 
proportionate to the concentration of the extracts (r > 0.9). 
Activity of S1 stage was found significantly higher than S2 
and S3 stages in DPPH inhibition. IC50 values are shown 

in Table 1. S1 stage (bud stage) showed the highest radical 
scavenging activity against DPPH (IC50 value = 65.82 
mg/ml ± 0.614).  

In this study, we have observed that the extracts of all 
the three stages of flowering scavenged the superoxide 
radical in a dose dependent manner (r > 0.93). IC50 values 
are presented in Table 1. The S3 stage was significantly 
different from S1 and S2 stages.  The S3 stage (senescent 
stage) gave highest inhibitory activity against superoxide 
radical (IC50 value = 65.17mg/ml ± 2.647).  

The metal chelation effect is based on the chelation of 
ferrous ions by plant extract. Ferrozine can form 
complexes with ferrous ions (Fe2+). The formation of 
complex with Fe2+ is disrupted in presence of plant extract 
as chelating agent resulting in a significant decrease in the 
red color of the complex. Removal or reduction of iron ion 
from the cellular system is a promising approach to 
prevent oxidative stress related diseases and disorders. 
Fe2+ ion chelating property of S1, S2 and S3 stages were 
compared as shown in Table 1. The ferrous ion chelating 
property was also found greatest in S3 stage (6.65mg/ml ± 
0.331).  

No significant difference was estimated in TACs of the 
three stages of flowering (Table 1). 

Table 1. Antioxidant activity of 80% methanolic extracts obtained from three stages of flowering (S1, S2 and S3) of Saraca asoca (Mean ± 
SE) 

  
  Antioxidant assays (IC50values* ± SE ) mg/ml   

  
DPPH radical  Superoxide radical Metal Total Antioxidant 

    scavenging activity scavenging activity Chelating Effect Capacity 

Flowering stage S1 (bud stage) 65.82 ± 0.614 74.79 ± 5.258 15.161 ± 0.43 0.000305 ± 3.295E-05 

 S2 (mature stage) 95.26 ± 6.225 120.61 ± 5.279 12.905 ± 0.129 0.00037 ± 7.33 E-05 

 S3 (senescent stage) 71.39 ± 1.711 65.17 ± 2.647 6.65 ± 0.331 0.00041 ± 8.758 E-05 

p-value** 
 

0.0021 0.0004 5.05E-06 
 * IC50 values correspond to the sample concentration showing 50% of inhibitory activity 

**p value < 0.05 indicates that the mean value of the evaluated parameters of one flowering stage differs from the others (ANOVA post _ 
hoc HSD Tukey’s Test were performed) 

4.2. Characterization of metabolites 

A total of 85 metabolites have been identified (Table 2) 
following GC/MS based metabolomics approach from the 
three phenological stages of Saraca asoca flowers. The 
metabolites identified include 9 amino acids, 20 organic 
acids, 7 fatty acids, 20 sugar and sugar acids, 8 sugar 
alcohols, 13 phenols and phenolic acids and 8 other 
compounds using Agilent Fiehn Metabolomics Library. 

The Relative response ratios (RRR) were calculated by 
normalization of the peak areas of each metabolite 
obtained by dividing with the weight of the sample and the 

peak areas of the internal standard. The relative response 
ratios correspond with the semi-quantitative concentration 
of each metabolite. From the log of RRR / gram sample 
extracted, dendrograms (Figure 2) and heat map (Figure 3) 
were prepared using Metaboanalyst 4.0 software to 
separate the three phenological stages of flowering based 
on the metabolite profiling. The data were further analyzed 
by unsupervised PCA (figure not given) and supervised 
discriminant analysis (PLS-DA and s-PLS-DA). PCA, 
PLS-DA and s-PLS-DA (Figure 4) separated the bud, 
mature and senescent stages distinctly from each other.
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Table 2.Tentative identification and quantification of metabolites 

 

 

Metabolites Identified Response ratios / gram sample extract (Average ± SD) 

  
S1 S2 S3 

AMINO ACIDS Aspartic acid 14.19 ± 9.05 664.23 ± 1132.05 117.91 ± 79.94 

 

Beta-alanine  7.09 ± 0.00 0.0028 ± 0.00 7.06 ± 5.41 

 

Glycine 0.85 ± 1.54 9.88 ± 18.70 0.0004 ± 0.00 

 

L-norleucine 0.85 ± 0.00 0.0028 ± 0.00 1.28 ± 1.57 

 

Phenylalanine  2.22 ± 1.56 0.0028 ± 0.00 0.0004 ± 0.00 

 

L-proline  6.40 ± 5.86 237.65 ± 339.94 76.18 ± 20.15 

 

L-serine  7.17 ± 3.14 0.0028 ± 0.00 6.88 ± 5.45 

 

L-threonine  4.96 ± 1.87 49.47 ± 88.52 1.13 ± 1.34 

 

L-valine  4.52 ± 3.87 116.93 ± 210.17 12.97 ± 1.64 

ORGANIC ACID 2-isopropylmalic acid 2.54 ± 0.00 62.46 ± 102.70 30.23 ± 3.41 

 

cis-4-hydroxycyclohexanecarboxylic acid 0.0002 ± 0.00 0.0028 ± 0.00 3.41 ± 4.14 

 

Citric acid 367.70 ± 113.96 35955.53 ± 435.95 4594.03 ± 37.29 

 

Fumaric acid 372.74 ± 4.04 791.40 ± 12.61 403.05 ± 90.18 

 

Gluconic acid  37.99 ± 24.22 14898.21 ± 232.11 500.23 ± 61.07 

 

Glyceric acid 108.97 ± 27.93 30049.76 ± 553.35 10692.37 ± 632.23 

 

Glycolic acid 113.46 ± 95.74 2960.66 ± 43.34 402.53 ± 42.38 

 

3-hydroxy-3-methylglutaric acid 
 (dicrotalic acid) 

7.22 ± 5.94 5.45 ± 6.35 0.00042 ± 0.00 

 
L-(+)lactic acid 27.33 ± 37.23 4435.01 ± 72.48 57.32 ± 50.94 

 

D-malic acid 823.36 ± 36.14 39281.90 ± 426.14 11006.72 ± 514.28 

 

Maleamic acid  800.43 ± 0.00 530.02 ± 1014.19 19.84 ± 15.05 

 

Maleic acid 0.0002 ± 0.00 71.88 ± 143.53 123.17 ± 86.79 

 

Malonic acid  1.01 ± 1.17 90.34 ± 121.80 12.42 ± 9.61 

 

Oxalic acid 34.48 ± 3.41 3848.34 ± 64.89 25.64 ± 17.89 

 

Phosphoric acid 85.00 ± 67.86 14709.13 ± 171.83 3830.18 ± 24.53 

 

Pipecolic acid  54.56 ± 4.85 413.00 ± 778.48 22.80 ± 8.79 

 

Succinic acid 10.10 ± 16.04 4287.67 ± 82.60 92.19 ± 64.08 

 

Tartaric acid 16.33 ± 31.99 2063.14 ± 33.95 67.22 ± 78.34 

 

Tatronic acid 9.25 ± 0.00 0.0028 ± 0.0024 32.69 ± 3.63 

FATTY ACIDS Capric acid 1.33 ± 1.21 181.06 ± 13.77 8.31 ± 5.44 

 

Heptadecanoic acid 3.24 ± 2.56 214.54 ± 227.01 5.83 ± 4.19 

 

6-hydroxyhexanoic acid 4.01 ± 6.54 172.09 ± 200.31 32.41 ± 7.23 

 

Lauric acid 13.11 ± 12.13 1007.60 ± 956.41 69.64 ± 24.03 

 

Myristic acid 2745.90 ± 662.87 66206.58 ± 513.77 13266.21 ± 134.36 

 

Palmitic acid 2809.36 ± 86.32 3209.72 ± 311.04 396.27 ± 75.64 

 

Stearic acid 137.19 ± 76.09 6969.87 ± 70.33 327.99 ± 78.63 

SUGARS and 

SUGAR DERIVATIVES 
D-allose  152.25 ± 21.77 60214.27 ± 732.19 108.81 ± 17.89 

 

Fructose  2725.97 ± 103.11 12913.69 ± 73.62 6328.67 ± 51.30 

 

D-glucose  3644.51 ± 2697.22 44601.07 ± 55830.26 2969.58 ± 985.96 

 

Gluconic acid lactone  1014.15 ± 16.41 3391.20 ± 96.93 0.0004 ± 0.00 

 

L-gulonic acid gamma-lactone 8.88 ± 6.86 0.0028 ± 0.0024 0.0004 ± 0.00 

 

Lactulose  2.81 ± 0.00 955.68 ± 1226.62 0.0004 ± 0.00 

 

Leucrose 1.26 ± 4.41 956.76 ± 1244.68 0.0004 ± 0.0004 

 

Maltose  1.26 ± 0.00 555.88 ± 1055.13 119.49 ± 44.79 

 

D-mannose  71.71 ± 51.62 32691.94 ± 395.46 583.13 ± 80.59 

 

Mucic acid 75.83 ± 4.91 456.90 ± 732.69 61.88 ± 19.89 

 

Palatinose 8.48 ± 6.83 1823.71 ± 282.01 36.70 ± 43.48 

 

Ribonic acid-gamma-lactone  32.59 ± 20.42 4246.33 ± 77.22 111.17 ± 62.40 

 

D-saccharic acid 28.24 ± 0.00 606.34 ± 48.83 0.00042 ± 0.00043 

 

Sedoheptulose anhydride monohydrate 7.75 ± 10.35 2119.35 ± 54.65 0.00042 ± 0.00043 

 

Sophorose  14.87 ± 27.07 2665.70 ± 3691.11 0.00042 ± 0.00043 

 

Sucrose 68.47 ± 70.77 61392.09 ± 467.22 105.95 ± 38.64 

 

Tagatose  61.35 ± 0.00 390.12 ± 689.19 171.54 ± 15.11 

 

Talose 0.00 ± 0.00 4282.46 ± 6837.99 0.00042 ± 0.00043 

 

D-(+) trehalose 6.38 ± 17.94 0.0028 ± 0.00 10159.29 ± 6651.45 

 

turanose  17.96 ± 9.50 3457.66 ± 77.24 99.99 ± 82.40 
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Figure 2. Dendrogram generated from log of normalised RRRs of three phenological stages of flowering of Saraca asoca

SUGAR ALCOHOLS Acetol 11.58 ± 0.00 0.0028 ± 0.00 2499.76 ± 874.17 

 

Allo-inositol 169.24 ± 70.83 29142.81 ± 344.88 3177.24 ± 246.06 

 

Galactinol  170.14 ± 2.39 53.24 ± 102.46 0.0004 ± 0.0004 

 

Glycerol 0.89 ± 0.00 16455.97 ± 19856.48 556.60 ± 234.03 

 

D-mannitol 2.14 ± 6.31 2365.66 ± 991.42 1644.39 ± 181.18 

 

Myo-inositol 565.92 ± 17.75 49024.79 ± 623.02 16995.64 ± 153.38 

 

D-sorbitol 563.78 ± 0.00 0.0028 ± 0.00 69.40 ± 55.82 

 

D-threitol 0.00017 ± 0.00 166.05 ± 304.29 461.06 ± 74.13 

PHENOLS AND  

PHENOL DERIVATIVES 
O-acetylsalisylic acid 0.00017 ± 0.00 95.43 ± 175.36 24.72 ± 19.63 

 

Alizarin 1.60 ± 3.55 38.14 ± 49.89 0.0004 ± 0.0004 

 

Benzoic acid 1.79 ± 0.55 0.0028 ± 0.00 5.85 ± 1.67 

 

3,4-dihydroxybenzoic acid 9.44 ± 9.27 0.00283 ± 0.00 0.00042 ± 0.00043 

 

Gallic acid 1297.04 ± 33.74 43236.67 ± 440.85 11015.00 ± 68.58 

 

Gentisic acid 1287.79 ± 0.00 135.04 ± 27.75 60.16 ± 85.69 

 

Homogentisic acid 0.0002 ± 0.00 0.0028 ± 0.00 1.56 ± 1.13 

 

4-hydroxy-3-methylbenzoic acid 0.00017 ± 0.00 0.00283 ± 0.00 19.46 ± 22.57 

 

2-hydroxyphenylacetic acid 0.00017 ± 0.00 0.00283 ± 0.00 6.35 ± 7.39 

 

Hydroquinone 0.17 ± 0.58 23.24 ± 32.75 0.00042 ± 0.00043 

 

4-isopropylbenzoic acid 0.96 ± 1.11 110.88 ± 163.74 5.99 ± 0.97 

 

Shikimic acid 46.94 ± 50.95 1586.94 ± 2409.22 907.11 ± 160.31 

 

4-vinylphenol  46.55 ± 0.42 20.34 ± 32.87 0.00042 ± 0.00043 

N-BASES AND OTHERS Adenosine 4.39 ± 5.74 344.05 ± 55.30 0.00042 ± 0.00043 

 

Adrenaline  4.00 ± 0.00 197.65 ± 34.00 0.00042 ± 0.00043 

 

Nicotinic acid 1.77 ± 6.31 232.04 ± 38.78 16.62 ± 4.46 

 

Pyrogallol 5.48 ± 3.11 166.47 ± 65.77 0.00042 ± 0.00043 

 

Thymine 3.71 ± 0.00 16.61 ± 3.55 0.97 ± 1.12 

 

Tyramine 66.34 ± 50.16 731.81 ± 83.42 106.56 ± 6.33 

 

Uracil 67.74 ± 2.31 153.56 ± 184.28 14.49 ± 12.20 

 

Urea 2.04 ± 1.33 0.0028 ± 0.0024 0.0004 ± 0.0004 



 © 2021 Jordan Journal of Biological Sciences. All rights reserved - Volume 14, Number 3 519 

 
Figure 3. Heat map showing changes in relative concentration among the three phenological stages of flowering 

 
The dendrogram (Figure 2) and the heat map (Figure 3) 

illustrate that the three flowering stages (Bud-S1, Mature- 
S2 and Senescent-S3) of Saraca asoca are distinctly 
different based on their primary and secondary metabolite 
compositions. In the heat map (Figure 3), the changes in 
relative concentration of the identified metabolites among 
the three stages of flowering have also been well 
characterized distinctly. 

5.  Discussion 

Metabolomic approaches, utilizing GC/MS and other 
mass spectrometric analyses allow the single experiment 
profiling and semi-quantification and or quantification of 
numerous metabolites that are generally conserved across 
the kingdoms of life (Tohge and Fernie 2014). 
Metabolomics can take a print of any biochemical status to 
evaluate biochemical changes in metabolic pools 
(Hanhineva et al., 2008; Osorio et al., 2014). The large 
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data sets obtained in metabolomic experiments are 
analyzed with multivariate statistical tools in an aim to 
determine biological components that show differential 
behavior under various circumstances within a single 
species. 

In this study among the 85 identified metabolites, 
important metabolites viz., the top 25 metabolites based on 
VIP (Variable importance projection) scores detected by 
PLS-DA loading plots (Figure 5) for the separation of S1, 

S2 and S3 stages were found: acetol, glycerol, D-threitol, 
maltose, tartronic acid, gentisic acid, 2-isopropyl malic 
acid, O-acetylsalisylic acid, D-trehalose, maleic acid, D-
mannitol, tagatose, 3,4-dihydroxy benzoic acid, D-sorbitol, 
pyrogallol, maleamic acid, phenylalanine, glyceric acid, 
beta-alanine, sedoheptulose anhydride monohydrate, 3-
hydroxy-3-methylglutaric acid (dicrotalic acid), 4-
vinylphenol, homogentisic acid, 6-hydroxyhexanoic acid 
and adenosine. 

 

 
Figure 4. s-PLS-DA 2-D and 3-D scores plot indicating each flowering stage is individualized based on their metabolite profile 

Figure 5. Loading plot in PLS-DA showing the top 25 
metabolites 

The bi-plot (Figure 6) of component loadings also 
indicates the distinct groups corresponding to each 
flowering stage (S1, S2 and S3) based on their different 
chemical profile. The flowering stage corresponding to S1 
is mainly characterized by high contents of   phenol 
derivatives like 3-hydroxy-3-methylglutaric acid 
(Dicrotalic acid), 3, 4-dihydroxybenzoic acid; amino acids 
like L-serine, phenylalanine; sugar derivative like L-
gulonic acid gamma lactone and urea. On the other hand, 
the group corresponding to S2 is distinguished clearly by 
having high amounts of sugars like sophorose, leucrose, 
lactulose, talose, D-allose and sugar derivatives like 
gluconic acid lactone, sedoheptulose anhydride 
monohydrate, D-saccharic acid, sugar alcohols like 
galactinol; phenolic compounds like 4-vinylphenol, 
hydroquinone, pyrogallol, alizarin; organic acids like 
oxalic acid, tartaric acid, maleic acid and a few other 
compounds like adenosine, adrenaline, whereas the group 
corresponding to S3 is characterised and distinguished by 
having a large number of phenolics such as benzoic acid, 
gentisic acid, gallic acid, O-acetylsalicylic acid, 4-
hydroxy-3-methyl benzoic acid, homogentisic acid; sugars 
like D-trehalose, maltose, tagatose; sugar alcohols such as 
acetol, D-sorbitol, glycerol, D-threitol, D-mannitol, 
myoinositol; organic acids like maleamic acid, tartronic 
acid, glyceric acid, isopropylmalic acid, acetic acid, maleic 
acid; amino acids such as beta-alanine, L-valine, 
norleucine and other compounds like nicotinic acid, 
thymine, etc. 
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Figure 6. Biplot of component loadings using flowering stage as labelling variable 

6. Conclusion 

The three flowering stages showed prominent changes 
in their metabolite profile during the process of maturation 
of the flowering stages from bud to mature to senescence 
stages determined via GC/MS based metabolomics and 
chemometric approaches. The amounts and composition of 
metabolites in each stage showed statistically significant 
differences, which were reflected in their antioxidant 
capacities. Although all the three phenological stages 
showed antioxidant activities in a dose dependent manner, 
the senescent stage showed highest superoxide radical 
scavenging activity (IC50 = 65.17 ± 2.647 mg/ml) and 
metal chelating effect (IC50 = 6.65 ± 0.331 mg/ml) in 
agreement with their high content of phenolic acids. These 
differences were strongly reproduced in the chemometric 
analyses (PCA, PLS-DA and s-PLS-DA). It could also be 
reflected in the distribution of the biplot markers in 
different groups or clusters (which correspond to each 
phenological stage of flowering of Saraca asoca) with 
significant differences in an integrated manner. The 
differences detected might be beneficial for the selection 
of a specific flowering stage concerning its incorporation 
as an important source of medicine and also as a functional 
food. 
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